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SEMICONDUCTOR DEVICE AND METHOD
OF MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This 1s a Continuation Application of PCT Application

No. PCT/JP2004/000338, filed Jan. 16, 2004, which was
published under PCT Article 21(2) 1n English.

This application 1s based upon and claims the benefit of
priority from prior Japanese Patent Applications No. 2003-
008551, filed Jan. 16, 2003; and No. 2003-008552, filed Jan.
16, 2003, the entire contents of both of which are incorpo-
rated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor device
and, more particularly, to a semiconductor device that
belongs to a small semiconductor package called a CSP
(Chip Size Package) and a method of manufacturing the
same.

2. Description of the Related Art

In recent years, semiconductor devices called CSP (Chip
Si1ze Package) have been developed as portable electronic
devices represented by cellular phones decrease their sizes.
In a CSP, a passivation {ilm (intermediate insulating film) 1s
formed on the upper surface of a bare semiconductor device
having a plurality of connection pads for external connec-
tion. Opening portions are formed in the passivation film in
correspondence with the connection pads. Interconnections
are connected to one-terminal sides the connection pads at
through the opening portions. Columnar electrodes for
external connection are formed on the other-terminal sides
of the interconnections. The spaces between the columnar
clectrodes for external connection are filled with a sealing
matenial. According to this CSP, when solder balls are
formed on the columnar electrodes for external connection,
the device can be bonded to a circuit board with connection
terminals by the face-down method. The mounting area can
be almost the same as the size of the bare semiconductor
device. The CSP can therefore greatly decrease the sizes of
clectronic devices as compared to the conventional face-up
bonding method using wire bonding. U.S. Pat. No. 6,467,
6’74 discloses a method 1n which, to increase the productiv-
ity, a passivation film, interconnections, external connection
clectrodes, and a sealing material are formed on a semicon-
ductor substrate 1n a waler state. After solder balls are
formed on the upper surfaces of the external connection
clectrodes that are exposed without being covered with the
sealing material. Then, the water 1s cut along dicing lines to
form 1ndividual semiconductor devices.

The conventional semiconductor device raises the follow-
ing problems when the number of external connection
clectrodes increases as the degree of integration becomes
higher. As described above, 1n a CSP, the external connec-
tion electrodes are arrayed on the upper surface of a bare
semiconductor device. Hence, the external connection elec-
trodes are normally arrayed 1n a matrix. In a semiconductor
device having many external connection electrodes, the size
and pitch of the external connection electrodes become
extremely small. Because of this disadvantage, the CSP
technology cannot be applied to devices that have a large
number of external connection electrodes relative to the size
of the bare semiconductor device. If the external connection
clectrodes have extremely small size and pitch, alignment to
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the circuit board 1s difficult. There are also many fatal
problems such as a low bonding strength, short circuit
between electrodes 1n bonding, and destruction of external
connection electrodes which 1s caused by stress generated
due to the difference 1n coeflicient of linear expansion

between the circuit board and the semiconductor substrate
normally formed from a silicon substrate.

BRIEF SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a novel
semiconductor device which can ensure necessary size and
pitch of external connection electrodes even when the num-
ber of electrodes increases, and a method of manufacturing
the same.

According to an aspect of the present invention, there 1s
provided a semiconductor device comprising at least one
semiconductor structure which has a semiconductor sub-
strate and a plurality of external connection electrodes
formed on the semiconductor substrate, an msulating sheet
member arranged on a side of the semiconductor structure,
and a plurality of upper interconnections which have con-
nection pad portions that are arranged on the msulating sheet
member 1n correspondence with the upper iterconnections

and electrically connected to the external connection elec-
trodes of the semiconductor structure.

According to another aspect of the present invention,
there 1s provided a semiconductor device manufacturing
method comprising arranging, on a base plate, a plurality of
semiconductor structures each having a semiconductor sub-
strate and a plurality of connection pads while separating the
semiconductor structures from each other, and arranging at
least one 1nsulating sheet member having opening portions
at positions corresponding to the semiconductor structures,
heating and pressing the insulating sheet member from an
upper side of the insulating sheet member to melt and set the
insulating sheet member between the semiconductor struc-
tures, forming at least one layer of an upper interconnection
which has a connection pad portion and 1s connected to a
corresponding one of the connection pads of one of the
semiconductor structures so as to arrange the connection pad
portion on the insulating sheet member 1n correspondence
with the upper interconnection, and cutting the insulating
sheet member between the semiconductor structures to
obtain a plurality of semiconductor devices 1n which the
connection pad portion of the upper interconnection 1s
arranged on the 1msulating sheet member.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

FIG. 1 1s a sectional view of a semiconductor device
according to the first embodiment of the present invention;

FIG. 2 1s a sectional view of an initially prepared structure

in an example ol a method of manufacturing the semicon-
ductor device shown 1n FIG. 1;

FIG. 3 1s a sectional view showing a manufacturing step
following FIG. 2;

FIG. 4 15 a sectional view showing a manufacturing step
tollowing FIG. 3;

FIG. 5 15 a sectional view showing a manufacturing step
following FIG. 4;

FIG. 6 15 a sectional view showing a manufacturing step
following FIG. 5;

FIG. 7 1s a sectional view showing a manufacturing step
tollowing FIG. 6;
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FIG. 8 1s a sectional view showing a manufacturing step
tollowing FIG. 7;

FIG. 9 1s a sectional view showing a manufacturing step
following FIG. 8;

FIG. 10 1s a sectional view showing a manufacturing step
tollowing FI1G. 9;

FIG. 11 1s a sectional view showing a manufacturing step
tollowing FI1G. 10;

FI1G. 12 1s a sectional view showing a manufacturing step
tollowing FI1G. 11;

FI1G. 13 1s a sectional view showing a manufacturing step
tollowing FI1G. 12;

FIG. 14 1s a sectional view showing a manufacturing step
tollowing FIG. 13;

FIG. 15 1s a sectional view showing a manufacturing step
tollowing FIG. 14;

FIG. 16 1s a sectional view showing a manufacturing step
tollowing FI1G. 15;

FIG. 17 1s a sectional view of a semiconductor device
according to the second embodiment of the present inven-
tion;

FIG. 18 1s a sectional view of a semiconductor device
according to the third embodiment of the present invention;

FIG. 19 1s a sectional view of a semiconductor device
according to the fourth embodiment of the present invention;

FIG. 20 1s a sectional view of a semiconductor device
according to the fifth embodiment of the present invention;

FIG. 21 1s a sectional view of a semiconductor device
according to the sixth embodiment of the present invention;

FIG. 22 1s a sectional view of a semiconductor device
according to the seventh embodiment of the present inven-
tion;

FIG. 23 1s a sectional view of a semiconductor device
according to the eighth embodiment of the present mnven-
tion;

FIG. 24 1s a sectional view showing a predetermined
manufacturing step 1 an example of a method of manufac-
turing the semiconductor device shown 1n FIG. 23;

FI1G. 235 1s a sectional view showing a manufacturing step
tollowing FIG. 24;

FIG. 26 1s a sectional view of a semiconductor device
according to the ninth embodiment of the present invention;

FIG. 27 1s a sectional view showing a predetermined
manufacturing step in an example of a method of manufac-
turing the semiconductor device shown 1n FIG. 26;

FIG. 28 1s a sectional view showing a manufacturing step
tollowing FI1G. 27;

FIG. 29 1s a sectional view showing a manufacturing step
tollowing FI1G. 28;

FIG. 30 1s a sectional view of a semiconductor device
according to the 10th embodiment of the present invention;

FIG. 31 1s a sectional view of a semiconductor device
according to the 11th embodiment of the present invention;

FIG. 32 1s a sectional view of a semiconductor device
according to the 12th embodiment of the present invention;

FIG. 33 1s a sectional view of a semiconductor device
according to the 13th embodiment of the present invention;

FIG. 34 1s a sectional view of a semiconductor device
according to the 14th embodiment of the present invention;

FIG. 35 1s a sectional view of a semiconductor device
according to the 15th embodiment of the present invention;

FIG. 36 1s a sectional view for explaining a step of
manufacturing the semiconductor device shown in FIG. 35;

FI1G. 37 1s a sectional view showing a manufacturing step
tollowing FI1G. 36;

FIG. 38 1s a sectional view showing a manufacturing step
tollowing FI1G. 37;
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FIG. 39 15 a sectional view showing a manufacturing step
following FIG. 38;

FIG. 40 1s a sectional view showing a manufacturing step
following FIG. 39;

FIG. 41 1s a sectional view showing a manufacturing step
following FI1G. 40;

FIG. 42 1s a sectional view showing a manufacturing step
following FI1G. 41;

FIG. 43 1s a sectional view showing a manufacturing step
following FI1G. 42;

FIG. 44 1s a sectional view of a semiconductor device
according to the 16th embodiment of the present invention;

FIG. 45 15 a sectional view of a semiconductor device
according to the 17th embodiment of the present invention;

FIG. 46 1s a sectional view of a semiconductor device
according to the 18th embodiment of the present invention;

FIG. 47 1s a sectional view for explaining a step of
manufacturing the semiconductor device shown 1n FIG. 46;

FIG. 48 1s a sectional view showing a manufacturing step
tollowing FI1G. 47;

FIG. 49 1s a sectional view showing a manufacturing step
following FI1G. 48; and

FIG. 50 1s a sectional view showing a manufacturing step
following FI1G. 49.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

(First Embodiment)

FIG. 1 1s a sectional view of a semiconductor device
according to the first embodiment of the present invention.
This semiconductor device has a metal layer 1 which has a
rectangular planar shape and 1s made of copper or the like,
and an insulating layer 2 which 1s formed on the lower
surface of the metal layer 1 and made of a solder resist. The
metal layer 1 prevents electrification or light 1rradiation on
the integrated circuit of a silicon substrate 3 (to be described
later). The insulating layer 2 protects the metal layer 1.

The lower surface of a semiconductor structure 3 which
has a rectangular planar shape and 1s slightly smaller than
the metal layer 1 1s bonded to the central portion of the upper
surface of the metal layer 1 via an adhesive layer 4 made of
a die bonding material. The semiconductor structure 3 has
interconnections, columnar electrodes, and a sealing film (to
be described later) and 1s generally called a CSP. Especially,
since a method of forming the interconnections, columnar
clectrodes, and sealing film on a silicon water and then
executing dicing to obtain individual semiconductor struc-
tures 3 1s employed, as will be described later, the semicon-
ductor structure 3 1s also particularly called a water-level
CSP (W-CSP). The structure of the semiconductor structure
3 will be described below.

The semiconductor structure 3 has the silicon substrate
(semiconductor substrate) 5 having a rectangular planar
shape and 1s bonded to the metal layer 1 via the adhesive
layer 4. An integrated circuit (not shown) 1s formed at the
central portion of the upper surface of the silicon substrate
5. A plurality of connection pads (external connection elec-
trodes) 6 which are made of an aluminum-based metal and
connected to the mtegrated circuit are formed at the periph-
eral portion of the upper surface of the silicon substrate 5. An
isulating film 7 made of silicon oxide 1s formed on the
upper surface of the silicon substrate 5 and the connection
pads 6 except the central portion of each connection pad.
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The central portion of each connection pad 6 1s exposed
through an opening portion 8 formed 1n the insulating film
7.

A protective film (insulating film) 9 made of epoxy resin
or polyimide resin 1s formed on the upper surface of the
insulating film 7 formed on the silicon substrate 5. Opening
portions 10 are formed 1n the protective film 9 at positions
corresponding to the opening portions 8 of the insulating
film 7. An 1nterconnection 11 made of copper extends from
the upper surface of each connection pad 6 exposed through
the opening portions 8 and 10 to a predetermined part of the
upper surface of the protective film 9.

A columnar electrode (external connection electrode) 12
made of copper 1s formed on the upper surface of the
connection pad portion of each interconnection 11. A sealing
film (insulating film) 13 made of epoxy resin or polyimide
resin 1s formed on the upper surfaces of the protective film
9 and the interconnections 11. The upper surface of the
sealing film 13 1s flush with those of the columnar electrodes
12. As described above, the semiconductor structure 3 called
a W-CSP includes the silicon substrate 5, connection pads 6,
and msulating film 7 and also 1includes the protective film 9,
interconnections 11, columnar electrodes 12, and sealing
film 13.

A first msulating material (insulating sheet member) 14
having a rectangular frame shape 1s arranged on the upper
surface of the metal layer 1 around the semiconductor
structure 3. The upper surtace of the first insulating material
14 1s almost tlush with that of the semiconductor structure 3.
A second insulating material 15 having a flat upper surface
1s arranged on the upper surfaces of the semiconductor
structure 3 and {irst insulating material 14.

The first insulating material 14 1s normally called a
prepreg material which 1s prepared by, e.g., impregnating,
glass fibers with a thermosetting resin such as epoxy resin.
The second insulating material 15 1s normally called a
build-up material which 1s used for a build-up substrate. The
second insulating material 15 1s made of a thermosetting
resin such as epoxy resin or BT (Bismaleimide Triazine)
resin contaiming a reinforcing material such as fibers or
fillers. In this case, the fiber 1s preferably glass fiber or
aramid fiber. The filler 1s preferably silica filler or ceramic
filler.

Opening portions 16 are formed 1n the second insulating,
material 15 at positions corresponding to the central portions
of the upper surfaces of the columnar electrodes 12. Upper
interconnections 17 made of copper are arranged 1n a matrix.
Each upper interconnection 17 extends from the upper
surface of a corresponding one of the columnar electrodes
12, which 1s exposed from the upper surface of the insulating
material 15 through the opening portion 16, to a predeter-
mined part of the upper surface of the second insulating
material 15.

An upper msulating film 18 made of a solder resist 1s
formed on the upper surfaces of the upper interconnections
17 and second insulating material 15. Opening portions 19
are formed i1n the upper insulating film 18 at positions
corresponding to the connection pad portions of the upper
interconnections 17. Projecting electrodes 20 formed from
solder balls are formed in and on the opeming portions 19
and electrically (and mechanically) connected to the con-
nection pad portions of the upper interconnections 17. The
projecting electrodes 20 are arranged in a matrix on the
upper insulating film 18.

The size of the metal layer 1 1s slightly larger than that of
the semiconductor structure 3. The reason for this 1s as
tollows. The arrangement region of the projecting electrodes
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20 1s made slightly larger than the size of the semiconductor
structure 3 as the number of connection pads 6 on the silicon
substrate 5 increases. Accordingly, the size and pitch of the
connection pad portions of the upper interconnections 17
(the portions 1 the opening portions 19 of the upper
insulating film 18) are made larger than those of the colum-
nar electrodes 12.

Hence, the connection pad portions of the upper inter-
connections 17 arranged 1n a matrix are mounted not only on
a region corresponding to the semiconductor structure 3 but
also on a region corresponding to the first insulating material
14 arranged outside the outer side surface of the semicon-
ductor structure 3. That 1s, of the projecting electrodes 20
arranged 1n a matrix, at least the projecting electrodes 20 at
the outermost positions are arranged around the semicon-
ductor structure 3.

As described above, as a characteristic feature of this
semiconductor device, the first and second insulating mem-
bers 14 and 15 are arranged around and on the semiconduc-
tor structure 3 in which not only the connection pads 6 and
insulating film 7 but also the protective film 9, interconnec-
tions 11, columnar electrodes 12, and sealing film 13 are
formed on the silicon substrate 5. The upper interconnec-
tions 17 connected to the columnar electrodes 12 through the
opening portions 16 formed 1n the second 1insulating material
15 are formed on the upper surface of the second 1nsulating,
material 15.

In the above structure, the upper surface of the second
insulating material 15 1s flat. For this reason, the height
positions of the upper surfaces of the upper interconnections
17 and projecting electrodes 20, which are formed 1n sub-
sequent steps, can be umiformed, and the reliability of
bonding can be increased.

An example of a method of manufacturing the semicon-
ductor device will be described next. First, an example of a
method of manufacturing the semiconductor structure 3 will
be described. In this case, as shown 1n FIG. 2, an assembly
structure 1s prepared, 1n which connection pads 6 made of an
aluminum-based metal, an msulating film 7 made of silicon
oxide, and a protective film 9 made of epoxy resin or
polyimide resin are formed on the silicon substrate (semi-
conductor substrate) 5 1n a wafer state, and the central
portions ol the connection pads 6 are exposed through
opening portions 8 and 10 formed in the insulating film 7
and protective film 9. In the above structure, an integrated
circuit having a predetermined function 1s formed 1n a region
of the silicon substrate 5 1n the water state, where each
semiconductor structure should be formed. Each connection
pad 6 1s electrically connected to the integrated circuit
formed 1n a corresponding region.

Next, as shown 1n FIG. 3, a lower metal layer 11a 1s
formed on the entire upper surface of the protective film 9,
including the upper surfaces of the connection pads 6
exposed through the opening portions 8 and 10. In this case,
the lower metal layer 11a may have only a copper layer
formed by electroless plating or only a copper layer formed
by sputtering. Alternatively, a copper layer may be formed
by sputtering on a thin titanium layer formed by sputtering.
This also applies to the lower metal layers of the upper
interconnections 17 (to be described later).

Next, a plating resist film 21 1s formed on the upper
surface of the lower metal layer 11a and patterned. In this
case, the patterned resist film 21 has an opening portion 22
at a position corresponding to the formation region of each
interconnection 11. Copper electroplating 1s executed using
the lower metal layer 11a as a plating current path to form
an upper metal layer 115 on the upper surface of the lower
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metal layer 11a 1n each opening portion 22 of the plating
resist film 21. Then, the plating resist film 21 1s removed.

As shown 1n FIG. 4, a plating resist film 23 1s formed on
the upper surface of the lower metal layer 11a 1including the
upper metal layers 115 and patterned. In this case, the
patterned resist film 23 has an opeming portion 24 at a
position corresponding to the formation region of each
columnar electrode 12. Copper electroplating 1s executed
using the lower metal layer 11a as a plating current path to
form a columnar electrode 12 on the upper surface of the
connection pad portion of the upper metal layer 115 1n each
opening portion 24 of the plating resist film 23.

Next, the plating resist film 23 1s removed. Then, unnec-
essary portions of the lower metal layer 11a are removed by
etching using the columnar electrodes 12 and upper metal
layers 115 as a mask so that the lower metal layers 11a are
left only under the upper metal layers 115, as shown 1n FIG.
5. Each left lower metal layer 11a and the upper metal layer
116 formed on the entire upper surface of the lower metal
layer 11a construct the interconnection 11.

As shown in FI1G. 6, a sealing film 13 made of epoxy resin
or polyimide resin 1s formed on the entire upper surfaces of
the protective film 9, the columnar electrodes 12 and inter-
connections 11 by screen printing, spin coating, or die
coating. The sealing film 13 has a thickness more than the
height of the columnar electrodes 12. Hence, 1n this state, the
upper surfaces of the columnar electrodes 12 are covered
with the sealing film 13. The upper surface side of the
sealing film 13 and columnar electrodes 12 1s appropriately
polished to expose the upper surfaces of the columnar
clectrodes 12, as shown 1n FIG. 7. The upper surface of the
sealing film 13 including the exposed upper surfaces of the
columnar electrodes 12 1s also planarized.

The reason why the upper surface side of the columnar
clectrodes 12 1s appropriately polished 1s that the heights of
the columnar electrodes 12 formed by electroplating have a
variation and need to be uniformed by canceling the varia-
tion. To simultaneously polish the columnar electrodes 12
made of soft copper and the sealing film 13 made of epoxy
resin or the like, a grinder having a grindstone with an
appropriate roughness 1s used.

As shown 1 FIG. 8, an adhesive layer 4 1s bonded to the
entire lower surface of the silicon substrate 5. The adhesive
layer 4 1s made of a die bonding material such as epoxy resin
or polyimide resin and sticks to the silicon substrate 5 1n a
temporarily set state by heating and pressing. Next, the
adhesive layer 4 sticking to the silicon substrate 5 1s bonded
to a dicing tape (not shown). After a dicing step shown in
FIG. 9, the respective structures are peeled from the dicing
tape. Accordingly, a plurality of semiconductor structures 3
cach having the adhesive layer 4 on the lower surface of the
silicon substrate 5, as shown 1n FIG. 1, are obtained.

In the semiconductor structure 3 thus obtained, the adhe-
sive layer 4 exists on the lower surface of the silicon
substrate 5. Hence, the very cumbersome operation for
forming an adhesive layer on the lower surface of the silicon
substrate 5 of each semiconductor structure 3 atter the dicing
step 1s unnecessary. The operation for peeling ofl each
semiconductor structure from the dicing tape after the dicing
step 1s much simpler than the operation for forming an
adhesive layer on the lower surface of the silicon substrate
5 of each semiconductor structure 3 after the dicing step.

An example will be described next, in which the semi-
conductor device shown 1n FIG. 1 1s manufactured using the
semiconductor structure 3 obtained 1n the above way. First,
as shown 1n FIG. 10, a base plate 31 1s prepared. The base
plate 31 1s so large that a plurality of copper foils that
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construct the upper surface side of the metal layer 1 shown
in FIG. 1, as will be described later, can be sampled. The
base plate 31 has a rectangular planar shape and, more
preferably, an almost square planar shape, though 1ts shape
1s not limited. A copper fo1l 1a 1s bonded to the upper surface
of the base plate 31 via an adhesive layer 32.

The base plate 31 can be made of an insulating material
such as glass, ceramic, or a resin. In this case, a base plate
made of aluminum 1s used as an example. As for sizes, the
base plate 31 made of aluminum has a thickness of about 0.4
mm, and the copper foil 1a has a thickness of about 0.012
mm. The base plate 31 1s used because the copper foil 1a 1s
too thin and cannot serve as a base plate. The copper foil 1a
serves as an antistatic member during the manufacturing
step.

Next, the adhesive layers 4 bonded to the lower surfaces
of the silicon substrates 5 of the semiconductor structures 3
are bonded to a plurality of predetermined portions of the
upper surface of the copper foil 1a. In this bonding process,
the adhesive layer 4 1s finally set by heating and pressing.
Two first insulating sheet members 14a and 145 each having
opening portions arrayed in a matrix are aligned and stacked
on the upper surface of the copper foil 1la between the
semiconductor structures 3 and outside those arranged at the
outermost positions. A second insulating sheet member 15q
1s placed on the upper surface of the first insulating sheet
member 145. The semiconductor structures 3 may be
arranged aiter the two first insulating sheet members 14a
and 145 are stacked and arranged.

The first msulating sheet members 14a and 145 each
having a matrix shape can be obtained in the following way.
(lass fiber 1s impregnated with a thermosetting resin such as
epoxy resin. The thermosetting resin 1s semi-set to prepare
a sheet-shaped prepreg matenial. A plurality of rectangular
opening portions 33 are formed in the prepreg material by
die cutting or etching. In this case, to obtain flatness, each of
the first insulating sheet members 14a and 145 must be a
sheet-shaped member. However, the material need not
always be a prepreg material. A thermosetting resin or a
thermosetting resin 1n which a reinforcing material such as
glass fiber or silica filler 1s dispersed may be used.

The second nsulating sheet member 154 1s not limited to
but 1s preferably made of a build-up maternial. As the
build-up matenal, a thermosetting resin such as epoxy resin
or BT resin, which 1s mixed with a silica filler and semi-set,
can be used. However, as the second insulating sheet mem-
ber 15a, the above-described prepreg material or a material
containing no {iller or containing only a thermosetting resin
may be used.

The size of the opening portion 33 of the first insulating
sheet members 14a and 145 1s slightly larger than that of the
semiconductor structure 3. For this reason, gaps 34 are
formed between the first insulating sheet members 14a and
145 and the semiconductor structures 3. The length of the
gap 34 1s, ¢.g., about 0.1 to 0.5 mm. The total thickness of
the first insulating sheet members 14a and 1454 1s larger than
the thickness of the semiconductor structure 3. The first
insulating sheet members 14a and 146 are thick enough to
sufliciently fill the gaps 34 when the first insulating sheet
members are heated and pressed, as will be described later.

In this case, the first insulating sheet members 14a and
145 having the same thickness are used. However, the first
insulating sheet members 14a and 146 may have different
thicknesses. The {first insulating sheet member may include
two layers, as described above. However, 1t may include one
layer or three or more layers. The thickness of the second
insulating sheet member 15a corresponds to or 1s slightly
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larger than the thickness of the second 1nsulating material 15
to be formed on the semiconductor structure 3 in FIG. 1.

Next, the first insulating sheet members 14a and 146 and
second 1nsulating sheet member 15a are heated and pressed
by using a pair of heating/pressing plates 35 and 36 shown
in FIG. 11. Accordingly, the melted thermosetting resin 1n
the first insulating sheet members 14a and 146 1s squeezed
to f1ll the gaps 34, shown in FIG. 10, between the first
insulating sheet members 14a and 146 and the semiconduc-
tor structures 3. With a subsequent cooling process, the
thermosetting resin 1s set while sticking to the semiconduc-
tor structures 3 and the copper foil 1a between them. In this
way, as shown 1n FIG. 11, a first insulating material 14 made
of a thermosetting resin containing a reinforcing material,
which sticks to the base plate 31, 1s formed on the upper
surface of the copper foil 1a between the semiconductor
structures 3 and outside those arranged at the outermost
positions. In addition, the second insulating material 15
made of a thermosetting resin containing a reinforcing
material 1s formed on the upper surfaces of the semicon-
ductor structures 3 and first insulating material 14.

In this case, as shown in FIG. 7, in the wafer state, the
columnar electrodes 12 1n each semiconductor structure 3
have a uniform height. In addition, the upper surface of the
sealing film 13 including the upper surfaces of the columnar
clectrodes 12 1s planarized. For this reason, in the state
shown 1 FIG. 11, the plurality of semiconductor structures
3 have the same thickness.

In the state shown in FIG. 11, heating and pressing are
performed while defining, as a press limit surface, a virtual
plane higher than the upper surface of the semiconductor
structure 3 by the diameter of the reinforcing material (e.g.,
silica filler) of one layer. The second insulating material 15
on the semiconductor structures 3 obtains a thickness equal
to the diameter of the reinforcing material (e.g., silica filler).
When an open-ended (open) flat press 1s used as a press
having the pair of heating/pressing plates 35 and 36, the
excess thermosetting resin 1n the msulating sheet members
14a, 14b, and 13a 1s squeezed out of the pair of heating/
pressing plates 35 and 36.

The upper surface of the second insulating material 15 1s
a flat surface because 1t 1s pressed by the lower surface of the
heating/pressing plate 36 on the upper side. Hence, the
polishing step of planarizing the upper surface of the second
insulating material 15 1s unnecessary. Even when the copper
fo1l 1a has a relatively large size of, e.g., about 500x300
mm, the second insulating material 15 can easily be pla-
narized at once with respect to the plurality of semiconduc-
tor structures 3 arranged on the copper foil 1a.

The first and second insulating materials 14 and 15 are
made of a thermosetting resin containing a reinforcing
material such as a fiber or filler. For this reason, as compared
to a structure made of only a thermosetting resin, stress due
to shrinkage in setting the thermosetting resin can be
reduced. This also prevents the copper foil 1a from warping.

In the manufacturing step shown 1n FIG. 11, heating and
pressing may be executed by separate means. That 1s, for
example, pressing 1s executed only from the upper surface
side while the lower surface side of the semiconductor
structures 3 1s heated by a heater. Alternatively, heating and
pressing may be executed in separate steps.

When the manufacturing step shown i FIG. 11 1s ended,
the first and second insulating materials 14 and 15, the
semiconductor structures 3, and the copper foil 1la are
integrated. They alone can maintain a necessary strength.
Next, the base plate 31 and adhesive layer 32 are peeled or
removed by polishing or etching. This process 1s done to
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reduce the load in dicing (to be described later) and reduce
the thickness of the semiconductor device as a product. In
the manufacturing step shown in FIG. 10, when the 1nsu-
lating sheet members 14a, 145, and 15a are temporarily set
by temporary contact bonding and temporarily bonded to the
upper surface of the copper foil 1a, the base plate 31 and
adhesive layer 32 may be peeled or removed by polishing or
ctching after this step.

Next, as shown mn FIG. 12, opening portions 16 are
formed in the second insulating material 15 at positions
corresponding to the central portions of the upper surfaces of
the columnar electrodes 12 by laser machining for irradiat-
ing the second insulating material 15 with a laser beam.
Then, epoxy smears generated 1n the opening portions 16 are
removed by a desmearing process, as needed.

As shown 1n FIG. 13, an upper interconnection formation
layer 17a 1s formed on the entire upper surface of the second
insulating material 15, including the upper surfaces of the
columnar electrodes 12 exposed through the opening por-
tions 16. Simultaneously, a metal film 15 1s formed on the
lower surface of the copper foil 1a. In this case, each of the
upper interconnection formation layer 17q and metal film 156
includes a lower metal layer formed from, e.g., a copper
layer made by electroless plating and an upper metal layer
formed on the surface of the lower metal layer by executing
copper electroplating using the lower metal layer as a plating
current path.

When the upper interconnection formation layer 17a 1s
patterned by photolithography, upper interconnections 17
are Tformed at predetermined positions of the upper surface
of the second insulating material 15, as shown i FIG. 14. In
this state, the upper interconnections 17 are connected to the
upper surfaces of the columnar electrodes 12 through the
opening portions 16 of the second insulating material 15.
The copper fo1l 1a and metal film 15 formed on 1ts lower
surface form the metal layer 1.

As shown 1n FIG. 15, an upper msulating film 18 made of
a solder resist 1s formed on the entire upper surface of the
second insulating material 15 including the upper intercon-
nections 17 by screen printing or spin coating. In this case,
the upper insulating film 18 has opening portions 19 at
positions corresponding to the connection pad portions of
the upper interconnections 17. In addition, an insulating
layer 2 made of a solder resist 1s formed on the lower surface
of the metal layer 1 by spin coating. Next, projecting
clectrodes 20 are formed 1n and on the opening portions 19
and connected to the connection pad portions of the upper
interconnections 17.

As shown 1n FIG. 16, when the upper msulating film 18,
first and second insulating materials 14 and 15, metal layer
1, and insulating layer 2 are cut between the adjacent
semiconductor structures 3, a plurality of semiconductor
devices shown in FIG. 1 are obtained.

In the semiconductor device thus obtained, the upper
interconnections 17 to be connected to the columnar elec-
trodes 12 of the semiconductor structure 3 are formed by
clectroless plating (or sputtering) and electroplating. For this
reason, conductive connection between each upper intercon-
nection 17 and a corresponding columnar electrode 12 of the
semiconductor structure 3 can reliably be ensured.

In the above manufacturing method, the plurality of
semiconductor structures 3 are arranged on the copper foil
1a via the adhesive layer 4. The first and second 1nsulating
materials 14 and 135, upper interconnections 17, upper 1nsu-
lating film 18, and projecting electrodes 20 are formed at
once for the plurality of semiconductor structures 3. After
that, the semiconductor structures are separated to obtain a
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plurality of semiconductor devices. Hence, the manufactur-
ing step can be simplified. In addition, from the manufac-
turing step shown in FI1G. 12, the plurality of semiconductor
structures 3 can be transported together with the copper foil
la. This also simplifies the manufacturing step.

In the above manufacturing method, as shown 1n FIG. 10,
the semiconductor structure 3 of CSP type, which has the
interconnections 11 and columnar electrodes 12, 1s bonded
to the copper foil 1a via the adhesive layer 4. The cost can
be reduced as compared to a case wherein, e.g., a normal
semiconductor chip having connection pads 6 and insulating
film 7 on a silicon substrate 5 1s bonded to a copper foil 1a,
and interconnections and columnar electrodes are formed on
a sealing film formed around the semiconductor chip.

For example, assume that the copper fo1l 1a before cutting,
has an almost circular shape having a predetermined size,
like a silicon water. In this case, 1f interconnections and
columnar electrodes are formed on a sealing film formed
around a semiconductor chip bonded to the copper foil 1a,
the process area increases. In other words, since a low-
density process 1s executed, the number of processed walers
per cycle decreases. This decreases the throughput and
increases the cost.

To the contrary, 1n the manufacturing method described
above, the semiconductor structure 3 of CSP type, which has
the interconnections 11 and columnar electrodes 12, 1s
bonded to the copper foi1l 1a via the adhesive layer 4, and
then, building-up 1s executed. Although the number of
processes increases, the etliciency becomes high because a
high-density process 1s executed until formation of the
columnar electrodes 12. For this reason, the total cost can be
decreased even 1n consideration of the increase i number of
Processes.

In the above-described embodiment, the projecting elec-
trodes 20 are arrayed 1n a matrix in correspondence with the
entire surfaces of the semiconductor structures 3 and first
insulating material 14 around it. However, the projecting
clectrodes 20 may be arranged only on a region correspond-
ing to the first msulating material 14 around the semicon-
ductor structure 3. The projecting electrodes 20 may be
formed not totally around the semiconductor structure 3 but
on only one to three sides of the four sides of the semicon-
ductor structure 3. In this case, the first insulating matenal
14 need not have a rectangular frame shape and may be
arranged on only a side where the projecting electrodes 20
are to be formed.

(Second Embodiment)

FIG. 17 1s a sectional view of a semiconductor device
according to the second embodiment of the present inven-
tion. This semiconductor device 1s different from that shown
in FIG. 1 1n that 1t has no 1nsulating layer 2.

In manufacturing the semiconductor device according to
the second embodiment, 1n the manufacturing step shown in
FIG. 15, no msulating layer 2 1s formed on the lower surface
of a metal layer 1. After projecting electrodes 20 are formed,
an upper insulating film 18, first and second insulating
materials 14 and 15, and the metal layer 1 are cut between
adjacent semiconductor structures 3. Accordingly, a plural-
ity of semiconductor devices shown 1n FIG. 17 are obtained.
The semiconductor device thus obtained can be thin because
it has no insulating layer 2.

(Third Embodiment)

FIG. 18 1s a sectional view of a semiconductor device
according to the third embodiment of the present invention.
This semiconductor device can be obtained by omitting
formation of a metal layer 15 on the lower surface of a
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copper 101l 1a i the manufacturing step shown in FIG. 13
and forming an insulating layer 2 in the manufacturing step

shown 1n FIG. 15.

(Fourth Embodiment)

FIG. 19 1s a sectional view of a semiconductor device
according to the fourth embodiment of the present invention.
This semiconductor device can be obtained by omitting
formation of a metal layer 156 on the lower surface of a
copper 101l 1a i the manufacturing step shown 1n FIG. 13
and omitting formation of an insulating layer 2 1in the
manufacturing step shown in FIG. 15.

(Fifth Embodiment)

FIG. 20 1s a sectional view of a semiconductor device
according to the fifth embodiment of the present invention.
This semiconductor device 1s different from that shown 1n
FIG. 1 1n that 1t has neither a metal layer 1 nor an insulating
layer 2.

In manufacturing the semiconductor device according to
the fifth embodiment, for example, 1n the manufacturing step
shown 1n FIG. 15, formation of the insulating layer 2 on the
lower surface of the metal layer 1 1s omitted. After project-
ing electrodes 20 are formed, the metal layer 1 1s removed
by polishing or etching. Next, an upper sulating film 18
and first and second insulating materials 14 and 135 are cut
between adjacent semiconductor structures 3. Accordingly, a
plurality of semiconductor devices shown in FIG. 20 are
obtained. The semiconductor device thus obtained can be
thinner because 1t has neither a metal layer 1 nor an
insulating layer 2.

(Sixth Embodiment)

FIG. 21 1s a sectional view of a semiconductor device

according to the sixth embodiment of the present invention.
This semiconductor device can be obtained 1n the following
manner. For example, in the state shown 1n FIG. 19, a metal
layer 1 1s removed by polishing or etching. Then, the lower
surface side of a silicon substrate 5 including an adhesive
layer 4 and the lower surface side of a first insulating
material 14 are appropniately polished. Next, an upper
insulating film 18 and first and second insulating materials
14 and 15 are cut between adjacent semiconductor structures
3 to obtain the semiconductor device. The semiconductor
device thus obtained can be turther thinner.
Alternatively, before formation of projecting electrodes
20, the metal layer 1 1s removed by polishing or etching (and
the lower surface side of the silicon substrate 5 including the
adhesive layer 4 and the lower surface side of the first
insulating material 14 are appropriately polished, as
needed). Then, projecting electrodes 20 are formed, and the
upper msulating film 18 and first and second insulating
materials 14 and 15 are cut between adjacent semiconductor
structures 3.

(Seventh Embodiment)

FIG. 22 1s a sectional view of a semiconductor device
according to the seventh embodiment of the present inven-
tion. This semiconductor device 1s ditferent from that shown
in FIG. 1 in that 1t has neither a metal layer 1 nor an
insulating layer 2 but a base plate 31 in place of them.

In manufacturing the semiconductor device according to
the seventh embodiment, in the manufacturing step shown in
FIG. 10, formation of an adhesive layer 32 and copper foil
1a on the upper surface of the base plate 31 1s omuitted.
Semiconductor structures 3 are bonded to the upper surface
of the base plate 31 via an adhesive layer 4 formed on 1ts
lower surface. Nothing 1s formed on the lower surface of the
base plate 31. After projecting electrodes 20 are formed, an
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upper insulating film 18, first and second insulating mate-
rials 14 and 15, and the base plate 31 are cut between
adjacent semiconductor structures 3. Accordingly, a plural-
ity of semiconductor devices shown 1n FIG. 22 are obtained.

(Eighth Embodiment)

FIG. 23 1s a sectional view of a semiconductor device
according to the eighth embodiment of the present inven-
tion. This semiconductor device 1s largely different from that
shown in FIG. 1 in that lower interconnections 41 are
formed on the lower surfaces of an adhesive layer 4 and first
insulating material 14 and connected to upper interconnec-
tions 17 through vertical electrical connection portions 43
which are formed on the mnner surfaces of through holes 42
formed at predetermined positions of the first and second
insulating materials 14 and 15 arranged around a semicon-
ductor structure 3.

In manufacturing the semiconductor device according to
the eighth embodiment, for example, after the manufactur-
ing step shown 1n FI1G. 11, a base plate 31, adhesive layer 32,
and copper foil 1la are removed by polishing or etching.
Next, as shown 1n FIG. 24, opening portions 16 are formed
in the second 1nsulating material 15 at positions correspond-
ing to the central portions of the upper surfaces of columnar
clectrodes 12 by laser machining. In addition, through holes
42 are formed at predetermined positions of the first and
second 1nsulating materials 14 and 15 arranged around the
semiconductor structures 3.

As shown 1 FIG. 25, copper electroless plating and
copper electroplating are continuously executed to form an
upper interconnection formation layer 17a on the entire
upper surface of the second 1nsulating material 135 including,
the upper surfaces of the columnar electrodes 12 exposed
through the opening portions 16. In addition, a lower inter-
connection formation layer 41a 1s formed on the entire lower
surface of the adhesive layer and first insulating matenal 14.
Then, vertical electrical connection portions 43 are formed
on the inner surfaces of the through holes 42.

Next, the upper interconnection formation layer 17a and
lower mterconnection formation layer 41a are patterned by
photolithography. For example, as shown i FIG. 23, the
upper interconnections 17 are formed on the upper surface
of the second 1nsulating material 15, the lower interconnec-
tions 41 are formed on the lower surfaces of the adhesive
layer 4 and first insulating material 14, and the vertical
clectrical connection portion 43 are left on the mnner surfaces
of the through holes 42.

A description will be done next with reference to FIG. 23.
An upper sulating film 18 made of a solder resist and
having opeming portions 19 1s formed on the upper surtace
of the second insulating material 15 including the upper
interconnections 17. In addition, a lower 1sulating film 44
made of a solder resist 1s formed on the entire lower surface
of the first insulating material 14 including the lower inter-
connections 41. In this case, the vertical electrical connec-
tion portions 43 are filled with the solder resist. Next,
projecting electrodes 20 are formed, and the upper insulating,
f1lm 18, first and second insulating materials 14 and 15, and
lower msulating film 44 are cut between adjacent semicon-
ductor structures 3. Accordingly, a plurality of semiconduc-
tor devices shown 1n FIG. 23 are obtained.

(Ninth Embodiment)

FIG. 26 1s a sectional view of a semiconductor device
according to the ninth embodiment of the present invention.
This semiconductor device 1s largely different from that
shown in FIG. 23 1n that lower interconnections 41 are
tormed from a copper foil 1a and a copper layer 41a formed
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on the lower surface of the copper foil 1a, and vertical
clectrical connection portions 43 are formed in through
holes 42 without forming any gaps.

In manufacturing the semiconductor device according to
the ninth embodiment, for example, in the manufacturing
step shown 1n FIG. 12, opening portions 16 are formed 1n a
second insulating material 135 at positions corresponding to
the central portions of the upper surfaces of columnar
clectrodes 12 by laser machining, as shown 1n FIG. 27. In
addition, through holes 42 are formed at predetermined
positions of first and second 1nsulating materials 14 and 135
arranged around semiconductor structures 3. In this case, the
copper foil 1a 1s formed on the entire lower surface of an
adhesive layer 4 and the first insulating material 14. Hence,
the lower surface side of the through holes 42 1s covered
with the copper foil 1a.

As shown 1n FIG. 28, copper clectroplating 1s executed
using the copper foil 1a as a plating current path to form the
vertical electrical connection portions 43 on the upper
surface of the copper foil 1a 1n the through holes 42. In this
case, the upper surface of the vertical electrical connection
portion 43 1s preferably almost flush with the upper plane of
the through hole 42 or located at a slightly lower position.

Next, as shown 1n FIG. 29, copper electroless plating and
copper electroplating are continuously executed to form an
upper interconnection formation layer 174 on the entire
upper surface of the second 1nsulating material 15 including
the upper surfaces of the columnar electrodes 12 exposed
through the opening portions 16 and the upper surfaces of
the vertical electrical connection portions 43 1n the through
holes 42. In addition, the lower interconnection formation
layer 41a 1s formed on the entire lower surface of the copper
fo1l 1a. Then, with the same manufacturing step as in the

cighth embodiment, a plurality of semiconductor devices
shown 1n FIG. 26 are obtained.

(10th Embodiment)

FIG. 30 1s a sectional view of a semiconductor device
according to the 10th embodiment of the present invention.
This semiconductor device 1s diflerent from that shown 1n
FIG. 1 1n that 1t has no second 1nsulating material 15.

In manufacturing the semiconductor device according to
the 10th embodiment, after the manufacturing step shown in
FIG. 11, a base plate 31 and adhesive layer 32 are removed.
In addition, the second 1nsulating material 135 1s removed by
polishing. In this case, in removing the second insulating
material 15 by polishing, if the upper surface side of a
sealing film 13 including columnar electrodes 12 and semi-
conductor structures 3 and the upper surface side of a first
insulating material 14 are slightly polished, no problem 1is
posed.

The subsequent manufacturing step 1s the same as 1n the
first embodiment. In the 10th embodiment, however, as
shown 1n FIG. 30, upper interconnections 17 are formed on
the upper surfaces of the semiconductor structures 3 and first
insulating material 14 and connected to the upper surfaces of
the columnar electrodes 12. An upper insulating film 18
having opening portions 19 1s formed on the upper inter-
connections 17. Projecting electrodes 20 are formed 1n and
on the opening portions 19 and connected to the connection
pad portions of the upper interconnections 17. Although not
illustrated, 1f the columnar electrodes 12 are arrayed in a
matrix, the upper interconnection 17 are led between the
columnar electrodes 12, as a matter of course.

(11th Embodiment)
FIG. 31 1s a sectional view of a semiconductor device
according to the 11th embodiment of the present invention.
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This semiconductor device 1s obtained by removing a sec-
ond msulating material 15 by polishing 1n FIG. 23, as 1n the
10th embodiment.

(12th Embodiment)

FIG. 32 1s a sectional view of a semiconductor device
according to the 12th embodiment of the present invention.
This semiconductor device i1s obtained by removing a sec-
ond insulating material 15 by polishing 1n FIG. 26, as 1n the
10th embodiment.

(13th Embodiment)

In the above-described embodiments, for example, as
shown 1n FIG. 1, upper interconnections 17 and an upper
insulating film 18, each of which includes one layer, are
formed on a second insulating material 15. However, the
present invention 1s not limited to this. The upper 1ntercon-
nections 17 and upper insulating film 18 each including two
or more layers may be formed. For example, as in the 13th
embodiment of the present invention shown 1n FIG. 33, each
of the upper interconnections 17 and upper insulating film
18 may have two layers.

More specifically, 1n this semiconductor device, first
upper mterconnections 51 are formed on the upper surface
of the second msulating material 15 and connected to the
upper surfaces ol columnar electrodes 12 through opening
portions 16 formed 1n the second insulating material 15. A
first upper msulating film 52 made of epoxy resin or poly-
imide resin 1s formed on the upper surface of the second
insulating material 15 including the first upper interconnec-
tions 51. Second upper iterconnections 54 are formed on
the upper surface of the first upper insulating film 52 and
connected to the upper surfaces of the connection pad
portions of the {first upper interconnections 51 through
opening portions 33 formed in the first upper insulating film
52.

A second upper 1msulating film 55 made of a solder resist
1s formed on the upper surface of the first upper msulating
f1lm 52 including the second upper mterconnections 54. The
second upper msulating film 55 has opening portions 56 at
positions corresponding to the connection pad portions of
the second upper interconnections 54. Projecting electrodes
20 are formed i and on the opeming portions 56 and
connected to the connection pad portions of the second
upper interconnections 54. In this case, only a copper foil 1a
1s formed on the lower surfaces of an adhesive layer 4 and
first insulating material 14.

(14th Embodiment)

For example, in FIG. 16, the resultant structure 1s cut
between the semiconductor structures 3 adjacent to each
other. However, the present invention 1s not limited to this.
The resultant structure may be cut for every two or more
semiconductor structures 3. For example, as in the 14th
embodiment of the present mvention shown in FIG. 34, the
resultant structure may be cut for every three semiconductor
structures 3 to obtain a multi-chip module type semicon-
ductor device. In this case, the three semiconductor struc-
tures 3 can be either of the same type or of different types.

In the above embodiment, the semiconductor structures 3
and a first msulating material 14 are formed 1n a state
wherein the lower surfaces of the semiconductor structures
3 are supported by a base plate 31. After a second insulating
material 15 1s formed on the semiconductor structures 3 and
first insulating material 14, the base plate 31 1s removed. The
base plate 31 does not remain in the fimshed semiconductor
device. However, an organic material such as an epoxy-
based material or polyimide-based material or a thin plate
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formed from a thin metal film may be used as the material
of the base plate 31. After upper interconnections 17 and
upper 1nsulating film 18 are formed, and as needed, after
projecting electrodes 20 are formed, the base plate 31 may
be cut together with the upper nsulating film 18, second
insulating material 15, and first insulating maternial 14 to
leave the base plate 31 as the base member of the semicon-
ductor device. In this case, the base may be cut after
interconnections and the like are formed on a surface of the
base plate 31 on the opposite side of the mounting surface
of the semiconductor structures 3.

In the above-described first to 14th embodiments, semi-
conductor devices are manufactured basically by forming
insulating films and interconnections while supporting the
lower surface of each semiconductor structure 3 by the base
plate 31.

However, the semiconductor devices may be manuifac-
tured by forming nsulating films and interconnections while
supporting the upper surface of each semiconductor struc-
ture 3 by the base plate 31. This method will be described
below 1n detail.

(15th Embodiment)

A semiconductor device according to the 15th embodi-
ment shown 1 FIG. 35 indicates one embodiment manu-
factured by the latter method. Note that the embodiment
aims at showing not that the structure shown 1n FIG. 35 can
be obtained by the latter method but that a semiconductor
device having one of the structures according to the already
described first to 14th embodiments can also be manufac-
tured by the latter method. This will be described 1n appro-
priate steps in the following description.

The semiconductor device shown 1n FIG. 35 1s different
from those of the first to 14th embodiments 1n that the lower
surface of a semiconductor structure 3 directly sticks to an
isulating layer 2 without intervening any adhesive layer.
The 1nsulating layer 2 1s formed on the lower surface of the
semiconductor structure 3 by printing or spin coating, as will
be described later.

A method of manufacturing the semiconductor device
according to the 15th embodiment will be described below.

With the steps shown 1n FIGS. 2 to 7, interconnections 11
and a sealing film 13 are formed on a silicon substrate 5 1n
a waler state such that the interconnections 11 and sealing
film 13 are flush with each other.

In this state, without forming any adhesive layer on the
lower surface of the silicon substrate 5, dicing 1s executed to
obtain a plurality of semiconductor structures 3 shown 1n
FIG. 35, as shown 1n FIG. 36.

As shown 1n FIG. 37, a base plate 31 1s prepared. The base
plate 31 has a size corresponding to a plurality of semicon-
ductor devices shown 1n FIG. 35. The base plate 31 1s made
of a metal such as aluminum and has a rectangular planar
shape and, more preferably, an almost square planar shape,
though the shape 1s not limited. The base plate 31 may be
made of an 1nsulating material such as glass, ceramic, or a
resin.

A second 1nsulating sheet member 15a 1s bonded to the
entire upper surface of the base plate 31. The second
insulating sheet member 15q 1s preferably made of a build-
up matenal, although the present mnvention i1s not limited to
this. As the build-up matenal, a thermosetting resin such as
epoxy resin or BT resin, which 1s mixed with a silica filler
and semi-set, can be used. However, as the second insulating
sheet member 134, the above-described prepreg material or
a material containing no filler or containing only a thermo-
setting resin may be used. The thermosetting resin 1s semi-
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set by heating and pressing, and the second insulating sheet
member 154 1s bonded to the entire upper surtace of the base
plate 31.

The semiconductor structures 3 shown in FIG. 36 are
inverted and arranged, 1n a face-down state, at a plurality of
predetermined positions of the upper surface of the second
insulating sheet member 154. The semiconductor structures
3 are heated and pressed to temporarily set the thermosetting
resin in the second insulating sheet member 154 so that the
lower surface of the second insulating sheet member 15a
temporarily sticks to the upper surface of the base plate 31.

Two first msulating sheet members 14a and 146 each
having opening portions arrayed 1n a matrix are aligned and
stacked on the upper surtace of the second insulating sheet
member 15a between the semiconductor structures 3 and
outside those arranged at the outermost positions. The first
isulating sheet members 14a and 146 are obtained in the
following way. Glass fiber 1s impregnated with a thermo-
setting resin such as epoxy resin. The thermosetting resin 1s
semi-set to prepare a sheet-shaped prepreg material. A
plurality of rectangular opening portions 33 are formed in
the prepreg material by die cutting or etching.

In this case, to obtain flatness, each of the first insulating
sheet members 14a and 145 must be a sheet-shaped member.
However, the material need not always be a prepreg mate-
rial. A thermosetting resin or a thermosetting resin in which
a reinforcing material such as glass fiber or silica filler 1s
dispersed may be used.

The size of the opening portion 33 of the first mnsulating,
sheet members 14a and 145 1s slightly larger than that of the
semiconductor structure 3. For this reason, gaps 34 are
formed between the first mnsulating sheet members 14a and
146 and the semiconductor structures 3. The length of the
gap 34 1s, e.g., about 0.1 to 0.5 mm. The total thickness of
the first insulating sheet members 14a and 145 1s larger than
the thickness of the semiconductor structure 3. The first
insulating sheet members 14a and 1456 are thick enough to
sufliciently fill the gaps 34 when the first insulating sheet
members are heated and pressed, as will be described later.

In this case, the first insulating sheet members 14a and
145 having the same thickness are used. However, the first
insulating sheet members 14a and 145 may have different
thicknesses. The second insulating sheet member may
include two layers, as described above. However, 1t may
include one layer or three or more layers. The thickness of
the second insulating sheet member 15a corresponds to or 1s
slightly larger than the thickness of a second insulating
material 15 to be formed on the semiconductor structure 3 in
FIG. 35.

Next, the second insulating sheet member 15aq and first
insulating sheet members 14a and 146 are heated and
pressed by using a pair of heating/pressing plates 35 and 36
shown 1n FIG. 38. Accordingly, the melted thermosetting
resin 1in the first insulating sheet members 14a and 145 1s
squeezed to fill the gaps 34, shown 1n FIG. 37, between the
first 1insulating sheet members 14a and 145 and the semi-
conductor structures 3. With a subsequent cooling process,
the thermosetting resin 1s set while sticking to the semicon-
ductor structures 3. In this way, as shown 1n FIG. 38, the
second 1nsulating material 15 made of a thermosetting resin
containing a reinforcing material 1s formed on and sticks to
the upper surface of the base plate 31. In addition, the
semiconductor structures 3 stick to the upper surface of the
second insulating material 15. Furthermore, a first insulating
material 14 made of a thermosetting resin contaiming a
reinforcing material 1s formed on and sticks to the upper
surface of the second insulating material 13.
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In this case, as shown 1in FIG. 36, in the waler state,
columnar electrodes 12 1n each semiconductor structure 3
have a uniform height. In addition, the upper surface of the
sealing film 13 including the upper surfaces of the columnar
clectrodes 12 1s planarized. For this reason, in the state
shown 1n FIG. 38, the plurality of semiconductor structures
3 have the same thickness.

In the state shown 1n FIG. 38, heating and pressing are
performed while defining, as a press limit surface, a virtual
plane higher than the upper surface of the semiconductor
structure 3 by the diameter of the reinforcing material (e.g.,
silica filler). The second insulating material 15 under the
semiconductor structures 3 obtains a thickness equal to the
diameter of the reinforcing matenal (e.g., silica filler). When
an open-ended (open) flat press 1s used as a press having the
pair ol heating/pressing plates 35 and 36, the excess ther-
mosetting resin 1n the insulating sheet members 14a, 145,
and 15a 1s squeezed out of the pair of heating/pressing plates
35 and 36.

As a result, the upper surface of the first insulating
material 14 becomes flush with that of the semiconductor
structure 3. The lower surface of the second insulating
material 15 1s flat because the surface 1s regulated by the
upper surface of the heating/pressing plate 35 on the lower
side. Hence, the polishing step of planarizing the upper
surface of the first insulating material 14 and the lower
surface of the second insulating material 15 1s unnecessary.
Even when the base plate 31 has a relatively large size of,
¢.g., about 500x500 mm, the first and second insulating
materials 14 and 15 can easily be planarized at once with
respect to the plurality of semiconductor structures 3
arranged on the base plate 31.

The first and second insulating materials 14 and 15 are
made ol a thermosetting resin containing a reinforcing
material such as a fiber or filler. For this reason, as compared
to a structure made of only a thermosetting resin, stress due
to shrinkage 1n setting the thermosetting resin can be
reduced. This also prevents the base plate 31 from warping.

In the manufacturing step shown 1n FIG. 38, heating and
pressing may be executed by separate means. That 1s, for
example, pressing 1s executed only from the upper surface
side while the lower surface side of the base plate 31 1s
heated by a heater. Alternatively, heating and pressing may
be executed 1n separate steps.

When the manufacturing step shown in FIG. 38 1s ended,
the semiconductor structures 3 and first and second 1nsulat-
ing materials 14 and 15 are integrated. They alone can
maintain a necessary strength. Next, the base plate 31 1s
removed by polishing or etching. This process 1s done to
reduce the load 1n dicing (to be described later) and reduce
the thickness of the semiconductor device as a product.

Next, the resultant structure shown in FIG. 38, in which
the semiconductor structures 3 and first and second 1nsulat-
ing materials 14 and 15 are integrated, 1s inverted and set 1n
a face-up state. As shown 1n FIG. 39, opening portions 16 are
formed in the second insulating material 15 at positions
corresponding to the central portions of the upper surfaces of
the columnar electrodes 12 by laser machining for irradiat-
ing the second insulating material 15 with a laser beam.
Then, epoxy smears generated 1n the opening portions 16 are
removed by a desmearing process, as needed.

As shown in FIG. 40, an upper interconnection formation
layer 17a 1s formed on the entire upper surface of the second
insulating material 15, including the upper surfaces of the
columnar electrodes 12 exposed through the opening por-
tions 16. In this case, the upper interconnection formation
layer 17a includes a lower metal layer formed from, e.g., a
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copper layer made by electroless plating and an upper metal
layer formed on the surface of the lower metal layer by
executing copper electroplating using the lower metal layer
as a plating current path.

When the upper interconnection formation layer 17a 1s
patterned by photolithography, upper interconnections 17
are Tormed at predetermined positions of the upper surface
of the second insulating material 15, as shown in FIG. 41. In
this state, the upper interconnections 17 are connected to the
upper surfaces of the columnar electrodes 12 through the
opening portions 16 of the second 1nsulating material 15.

As shown 1n FIG. 42, an upper msulating film 18 made of
a solder resist 1s formed on the entire upper surface of the
second insulating material 15 including the upper intercon-
nections 17 by screen printing or spin coating. In this case,
the upper insulating film 18 has opening portions 19 at
positions corresponding to the connection pad portions of
the upper interconnections 17. In addition, the nsulating
layer 2 made of a solder resist 1s formed on the lower
surfaces of the silicon substrate 5 and first insulating mate-
rial 14 by printing or spin coating. Next, projecting elec-
trodes 20 are formed 1n and on the opening portions 19 and
connected to the connection pad portions of the upper
interconnections 17.

As shown 1 FIG. 43, when the upper insulating film 18,
first and second insulating materials 14 and 15, and 1nsu-
lating layer 2 are cut between the adjacent semiconductor

structures 3, a plurality of semiconductor devices shown 1n
FIG. 35 are obtained.

In the semiconductor device thus obtained, the upper
interconnections 17 to be connected to the columnar elec-
trodes 12 of the semiconductor structure 3 are formed by
clectroless plating (or sputtering) and electroplating. For this
reason, conductive connection between each upper intercon-
nection 17 and a corresponding columnar electrode 12 of the
semiconductor structure 3 can reliably be ensured. In the
state shown 1n FIG. 41, when the insulating layer 2 having
a metal layer 1 1s bonded by an adhesive layer instead of
forming the nsulating layer 2 on the lower surfaces of the
silicon substrate 5 and first insulating material 14, the
semiconductor device according to the first embodiment
shown 1n FIG. 1 can be obtained. It can sufliciently be
understood that the semiconductor device according to any
one of the second to 14th embodiment except the first
embodiment can also be obtained, although a specific
description will be omatted.

In the above manufacturing method, the plurality of
semiconductor structures 3 are arranged on the second
insulating sheet member 15a arranged on the base plate 31.
The first and second insulating materials 14 and 15 are
formed at once for the plurality of semiconductor structures
3. Next, the base plate 31 1s removed. Then, the upper
interconnections 17, upper isulating film 18, and projecting
clectrodes 20 are formed at once for the plurality of semi-
conductor structures 3. After that, the semiconductor struc-
tures are separated to obtain a plurality of semiconductor
devices. Hence, the manufacturing step can be simplified.

In addition, from the manufacturing step shown in FIG.
38, the plurality of semiconductor structures 3 can be
transported together with the first and second insulating
materials 14 and 15 even when the base plate 31 1s removed.
This also simplifies the manufacturing step. Furthermore, 1n
the above manufacturing method, as shown 1n FIG. 37, the
semiconductor structure 3 sticks to the base plate 31 via the
second 1nsulating sheet member 15a. Hence, the process for
forming an adhesive difference 1s unnecessary. In removing
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the base plate 31, only the base plate 31 needs to be
removed. This also simplifies the manufacturing step.

In the above-described embodiment, the projecting elec-
trodes 20 are arrayed 1n a matrix in correspondence with the
entire surfaces of the semiconductor structures 3 and first
insulating material 14 around it. However, the projecting
clectrodes 20 may be arranged only on a region correspond-
ing to the first insulating material 14 around the semicon-
ductor structure 3. The projecting electrodes 20 may be
formed not totally around the semiconductor structure 3 but
on only one to three sides of the four sides of the semicon-
ductor structure 3. In this case, the first mnsulating material
14 need not have a rectangular frame shape and may be
arranged on only a side where the projecting electrodes 20
are to be formed.

(16th Embodiment)

FIG. 44 15 a sectional view of a semiconductor device
according to the 16th embodiment of the present invention.
This semiconductor device 1s diflerent from that shown 1n
FIG. 35 1n that 1t has no insulating layer 2.

In manufacturing the semiconductor device according to
the 16th embodiment, 1n the manufacturing step shown in
FIG. 42, no insulating layer 2 1s formed on the lower
surfaces of a silicon substrate 5 and first insulating material
14. After projecting electrodes 20 are formed, an upper
insulating film 18 and first and second insulating materials
14 and 15 are cut between adjacent semiconductor structures
3. Accordingly, a plurality of semiconductor devices shown
in FIG. 44 are obtained. The semiconductor device thus
obtained can be thin because 1t has no insulating layer 2.

(17th Embodiment)

FIG. 45 1s a sectional view of a semiconductor device
according to the 17th embodiment of the present invention.
This semiconductor device can be obtained by, e.g., 1 the
state shown in FIG. 44, appropnately polishing the lower
surface side of a silicon substrate 5 and first insulating
material 14 and cutting an upper isulating film 18 and first
and second insulating materials 14 and 15 between adjacent
semiconductor structures 3. The semiconductor device thus
obtained can be thinner.

Belore formation of projecting electrodes 20, an insulat-
ing layer 2 may be removed by polishing or etching (and the
lower surface side of the silicon substrate 5 and first 1nsu-
lating matennal 14 may be approprately polished, as
needed). Then, projecting electrodes 20 may be formed, and
the upper nsulating film 18 and first insulating material 14
may be cut between adjacent semiconductor structures 3.

(18th Embodiment)

FIG. 46 1s a sectional view of a semiconductor device
according to the 18th embodiment of the present invention.
This semiconductor device 1s different from that shown 1n
FIG. 35 in that a second 1nsulating material 15A 1s arranged
on the upper surface of a semiconductor structure 3, and a
first insulating material 14 A 1s arranged on the upper surface
of an msulating layer 2 around the semiconductor structure
3 and second insulating material 15A.

In manufacturing the semiconductor device according to
the 18th embodiment, after the manufacturing step shown in
FIG. 7, the sheet-shaped first insulating sheet member 15A
1s bonded to the entire upper surface of a sealing film 13
including the upper surfaces of columnar electrodes 12, as

shown 1n FIG. 47.

Next, as shown in FIG. 48, a dicing step 1s executed to
obtain a plurality of semiconductor structures 3. In this case,
however, the first insulating sheet member 15A 1s bonded to
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the upper surface of the sealing film 13 including the upper
surfaces of the columnar electrode 12 of the semiconductor
structure 3. The semiconductor structure 3 thus obtained has
the sheet-shaped first msulating sheet member 15A on 1its
upper surface. Hence, the very cumbersome operation for
bonding the first mnsulating sheet member 15A to the upper
surface ol each semiconductor structure 3 after the dicing
step 1s unnecessary.

As shown 1n FIG. 49, the semiconductor structures 3
shown 1n FIG. 48 are inverted and set in a face-down state
so that the first insulating sheet members 15A bonded to the
lower surfaces of the semiconductor structures 3 are bonded
to a plurality of predetermined positions of the upper surtace
ol a base plate 31 by using the appropriate viscosity of the
first insulating sheet member 15A. Heating and pressing are
performed to temporarily set the thermosetting resin in the
first nsulating sheet member 15A so that the lower surface
of the first insulating sheet member 15A temporarily sticks
to the upper surface of the base plate 31. In addition, the
lower surface of the semiconductor structure 3 temporarily
sticks to the upper surface of the first insulating sheet
member 15A. Two first msulating sheet members 14a and
145 each having opening portions 33 are aligned and stacked
on the upper surface of the base plate 31 between the
semiconductor structures 3 and outside those arranged at the
outermost positions.

In this case as well, the size of the opening portion 33 of
the first msulating sheet members 14a and 1454 1s slightly
larger than that of the semiconductor structure 3. For this
reason, gaps 34 are formed between the first insulating sheet
members 14a and 146 and the semiconductor structures 3
including the first insulating sheet members 15A. The length
of the gap 34 1s, e.g., about 0.1 to 0.5 mm. "

T'he total
thickness of the first insulating sheet members 14a and 145
1s larger than the thickness of the semiconductor structure 3
including the first msulating sheet member 15A. The first
insulating sheet members 14a and 1456 are thick enough to
sufliciently fill the gaps 34 when the first insulating sheet
members are heated and pressed, as will be described later.

Next, the first insulating sheet member 15A and first
insulating sheet members 14a and 145 are heated and
pressed by using a pair of heating/pressing plates 35 and 36
shown 1n FIG. 50. Accordingly, the melted thermosetting
resin in the first insulating sheet members 14a and 145 1s
squeezed to 111l the gaps 34, shown 1n FIG. 49, between the
first msulating sheet members 14a and 145 and the semi-
conductor structures 3 including the first insulating sheet
members 15A. With a subsequent cooling process, the
thermosetting resin 1s set while sticking to the semiconduc-
tor structures 3 and the base plate 31 between them.

In this way, as shown 1n FIG. 50, the second insulating
material 15A made of a thermosetting resin contaiming a
reinforcing material 1s formed at and sticks to a plurality of
predetermined positions of the upper surface of the base
plate 31. In addition, the semiconductor structures 3 stick to
the upper surface of the second msulating material 15A.
Furthermore, a first insulating material 14 made of a ther-
mosetting resin containing a reinforcing material 1s formed
on and sticks to the upper surface of the base plate 31
between the semiconductor structures 3 and outside those
arranged at the outermost positions. With the same manu-
facturing step as in the 15th embodiment, the semiconductor
device shown 1n FIG. 46 1s obtained.

In the above embodiments, the semiconductor structure 3
has, as an external connection electrode, the interconnection
11 and columnar electrode 12 1n addition to the connection
pad 6. The present invention can also be applied to the
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semiconductor structure 3 which has, as an external con-
nection electrode, only the connection pad 6 or the connec-
tion pad 6 and interconnection 11 having a connection pad
portion.
As has been described above, according to the present
invention, the connection pad portions of at least some of the
uppermost upper interconnections are arranged on the first
insulating material formed on a side of the semiconductor
structure. For this reason, even when the number of con-
nection pad portions of the uppermost upper interconnec-
tions 1ncreases, a necessary size and pitch can be ensured.
What 1s claimed 1s:
1. A semiconductor device comprising:
at least one semiconductor structure which includes: (1) a
semiconductor substrate, (11) a plurality of external
connection electrodes which are formed on the semi-
conductor substrate and each of which includes a
connection pad and a columnar connection electrode
connected to the connection pad, and (111) a sealing film
formed around the columnar connection electrodes:

an msulating sheet member arranged on one side of the
semiconductor structure; and
a plurality of upper interconnections which include con-
nection pad portions that are arranged on the 1nsulating
sheet member and electrically connected to the external
connection electrodes of the semiconductor structure:

wherein the insulating sheet member has a multilayered
structure including a plurality of insulating sheet mem-
bers.

2. A semiconductor device according to claim 1, wherein
the semiconductor device comprises a plurality of said
semiconductor structures.

3. A semiconductor device according to claim 1, wherein
at least one of the insulating sheet members of the multi-
layered structure of the insulating sheet member consists
essentially of a material prepared by impregnating fibers
with a thermosetting resin.

4. A semiconductor device according to claim 1, wherein
the plurality of insulating sheet members of the multilayered
structure comprise a first insulating sheet member arranged
at least beside the semiconductor structure and a second
insulating sheet member formed between the first insulating
sheet member and the upper interconnections and between
the upper interconnections and the semiconductor structure.

5. A semiconductor device according to claim 4, wherein
an upper surface of the second insulating sheet member 1s
flat.

6. A semiconductor device according to claim 1, further
comprising an upper msulating film which covers a portion
except the connection pad portions of the upper intercon-
nections.

7. A semiconductor device according to claim 6, further
comprising a solder ball formed on each of the connection
pad portions of the upper interconnections.

8. A semiconductor device according to claim 1, further
comprising a metal layer formed on lower surfaces of the
semiconductor structure and the insulating sheet member.

9. A semiconductor device according to claim 8, further
comprising an msulating layer formed on a lower surface of
the metal layer.

10. A semiconductor device according to claim 8, wherein
the metal layer includes a metal foil.

11. A semiconductor device according to claim 10,
wherein the metal foil 1s a copper foil.

12. A semiconductor device according to claim 1, further
comprising a lower interconnection formed on at least a
lower surface of the insulating sheet member, wherein one
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of the upper interconnections 1s connected to the lower
interconnection through a vertical electrical connection por-
tion formed in the msulating sheet member.

13. A semiconductor device according to claim 1, wherein
the plurality of insulating sheet members of the multilayered
structure comprise a first insulating sheet member having an
upper surface that 1s flush with an upper surface of the
semiconductor substrate, and a second insulating sheet
member formed between the first mmsulating sheet member
and the upper interconnections.

14. A semiconductor device comprising:

at least one semiconductor structure which includes a

semiconductor substrate and a plurality of external
connection electrodes tormed on the semiconductor

substrate;
an insulating sheet member arranged on one side of the

semiconductor structure:

a plurality of upper interconnections which include con-
nection pad portions that are arranged on the insulating
sheet member and electrically connected to the external
connection electrodes of the semiconductor structure;

a metal layer formed on lower surfaces of the semicon-
ductor structure and the insulating sheet member; and

an 1nsulating layer formed on a lower surface of the metal

layer.
15. A semiconductor device according to claim 14,

wherein the semiconductor device comprises a plurality of
said semiconductor structures.

16. A semiconductor device according to claim 14,
wherein each of the external connection electrodes of the
semiconductor substrate includes a connection pad and a
columnar connection electrode connected to the connection
pad, and wherein the semiconductor substrate further com-
prises a sealing film formed around the columnar connection
clectrodes.

17. A semiconductor device according to claim 14,
wherein the insulating sheet member consists essentially of
a material prepared by impregnating fibers with a thermo-
setting resin.

18. A semiconductor device according to claim 14, further
comprising an nsulating material formed between the 1nsu-
lating sheet member and the upper interconnections and
between the upper interconnections and the semiconductor
structure.

19. A semiconductor device according to claim 18,
wherein the msulating material comprises a sheet member.

20. A semiconductor device according to claim 18,
wherein an upper surface of the msulating material 1s flat.

21. A semiconductor device according to claim 14, further
comprising an upper msulating film which covers a portion
except the connection pad portions of the upper intercon-
nections.

22. A semiconductor device according to claim 21, further
comprising a solder ball formed on each of the connection
pad portions of the upper interconnections.

23. A semiconductor device according to claim 14,
wherein the metal layer includes a metal foil.

24. A semiconductor device according to claim 23,
wherein the metal foil 1s a copper foil.

25. A semiconductor device comprising;

at least one semiconductor structure which includes a

semiconductor substrate and a plurality of external
connection electrodes formed on the semiconductor

substrate;
an isulating sheet member arranged on one side of the

semiconductor structure;
a plurality of upper interconnections which include con-
nection pad portions that are arranged on the insulating
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sheet member and electrically connected to the external
connection electrodes of the semiconductor structure;
and

a lower mterconnection formed on at least a lower surface

of the insulating sheet member;

wherein one of the upper interconnections 1s connected to

the lower interconnection through a vertical electrical
connection portion formed 1n the insulating sheet mem-
ber.

26. A semiconductor device according to claim 25,
wherein the semiconductor device comprises a plurality of
said semiconductor structures.

27. A semiconductor device according to claim 25,
wherein each of the external connection electrodes of the
semiconductor substrate includes a connection pad and a
columnar connection electrode connected to the connection
pad, and wherein the semiconductor substrate further com-
prises a sealing film formed around the columnar connection
clectrodes.

28. A semiconductor device according to claim 25,
wherein the insulating sheet member consists essentially of
a material prepared by impregnating fibers with a thermo-
setting resin.

29. A semiconductor device according to claim 25, turther
comprising an msulating material formed between the 1nsu-
lating sheet member and the upper interconnections and
between the upper interconnections and the semiconductor
structure.

30. A semiconductor device according to claim 29,
wherein the sulating material comprises a sheet member.

31. A semiconductor device according to claim 29,
wherein an upper surface of the insulating material 1s flat.

32. A semiconductor device according to claim 25, further
comprising an upper insulating film which covers a portion
except the connection pad portions of the upper intercon-
nections.

33. A semiconductor device according to claim 32, further
comprising a solder ball formed on each of the connection
pad portions of the upper interconnections.

34. A semiconductor device according to claim 25,
wherein the insulating sheet member has a multilayered
structure including a plurality of msulating sheet members.

35. A semiconductor device comprising:

at least one semiconductor structure which includes: (1) a
semiconductor substrate, (1) a plurality of external
connection electrodes which are formed on the semi-
conductor substrate and each of which includes a
connection pad and a columnar connection electrode
connected to the connection pad, and (111) a sealing film
formed around the columnar connection electrodes:

an msulating sheet member arranged on one side of the
semiconductor structure;

a plurality of upper interconnections which include con-
nection pad portions that are arranged on the 1nsulating
sheet member and electrically connected to the external
connection electrodes of the semiconductor structure:

a metal layer formed on lower surfaces of the semicon-
ductor structure and the nsulating sheet member; and

an msulating layer formed on a lower surface of the metal
layer.

36. A semiconductor device comprising:

at least one semiconductor structure which includes: (1) a
semiconductor substrate, (1) a plurality of external
connection electrodes which are formed on the semi-
conductor substrate and each of which includes a
connection pad and a columnar connection electrode
connected to the connection pad, and (111) a sealing film
formed around the columnar connection electrodes:
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an insulating sheet member arranged on one side of the a lower iterconnection formed on at least a lower surface
semiconductor structure: of the insulating sheet member, wherein one of the
a plurality of upper interconnections which include con- upper mterconnections 1s connected to the lower inter-
nection pad portions that are arranged on the insulating connection through a vertical electrical connection por-
sheet member and electrically connected to the external 5 tion formed in the msulating sheet member.

connection electrodes of the semiconductor structure;
and $ % % w %



	Front Page
	Drawings
	Specification
	Claims

